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Incense Ion beam neutralization b+ s~fficjencl’:
celd, cc-moving and co-ln~ecced aleccrons la crucial tc
Light Ian ●nd imporcanc cc Heavy Ion Inertial Ccmfine-
men. Fu=ion (ICF) drivers for the balliatlcallv focused
prrrpagaclon onto % 5 rmn radiua [argecs located some 10 m

dowmcream. Methods of generaclng the beam neutrallza-
cion eleccrona -Ith required propertlaa are Biven i.i
the context of a Light Ion Fusion Experiment ILIFEI
deaig~edi ●ccelerator. Recenclv derived envelope equa-
tional for neutralized ●nd balllatlcally focuatd lntenee
ion beams ● re applied to the LIFE geometry in Which
10 HeV He- multiple beamleta coaleace and undcrgc -5:1
rsdlal compression =hile beam pulees ●xperience ● 20:1
●xial comuresslor. in the propagation range of 10 m.
For these repraaentacive cenditiona. the cheoreclcal
●nelvaia predticea ● r~quirzment of the initial ●lectron
temperature neutralizing rh~ icnc ● a Tee : 35 ev Where
●las the initial ion temperature Tio lscorrolatod. bth
●crlve ●nd ●uto--neutralization methods ● r. examined ●nd
found to prcduce initial alactrc.n temperatures corimle-

tent wlt~ the requirement of the envelope aquatirm for
both radial and axial ●diabatic beam pulse ct-mpreaaiona.
Tha ●cablllt. c.f neucrallzed beam propagarlon is alao
●xamined conccrnin~ the Pierce tvpe ●lsccroacatic lnaca-
bIIIti #nd for the caae of LIFE beam :t la fount te
hav~ lneigniflcanL ●ffect. A scaled ●xperimental ●ctup
111 ~rust!nted which can serve to per fotm near torn! teate
on t~c Irallisrlrallk focused propagation of neutralized
li~ht 10II b@amb.

iteutreliz~d Bcllimtlc Propasarion of Intense Ion Beama.— —.

lE* Kc. propertlea cf ● 2 W Lisht Ion XC? driver
unlit, relles on neutrallaed ●nd balliatlcally focused

Table I
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Propagation are listed in Table 1. The de=elweii..
soiirce - and accelerator design~ are preser!ced in t,,ese
~rweedinga: features of the ne=t-alizer and hilliarIc
rranaporr a:e fctven in che fc.llculng. T=c-.ilmeFsicrzal
numerical aimulationa” have Indlca[ed Ch+ n~c...jt.. of
launching eleccrcirrs tifilch are Ca-lrc-red slth K,le IG==.
.Otherkise aide-lnlected eleccrens heatlnc rapldi- atcaln
an l.llcial temperat,~re uiii:h is prcici~lti%=e tc the
Balli6clc focusing cf rwUtrallzed lnrenae lem beams.
A me[ho~ Of pro~ticlrlacc-]file~cad●leccronsWICII lCZS

is ahowm in Fiiiure 1. Thla neutralizer <cl] ~= Iacaced
lnrmediatelv adlacent re the rUCPUt CPCICS r’ a mulrl-
●certure acceleracfiri frm which 1 J He- Fe.zmlerg at

3-10 F!ev are ●merfilng fGr a C=ta] cf :. kA c“rrcnt In
GOC nn ~~laea. The ballistltall-. f~cus~.! treamlets pa=-
through che neucrallzer cell in whlc~ tie- I.im=r..a ls rre-
mlaed ●t a denslc> of n(~lasma, ‘n(peami ‘. 100 .ind
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Figure 2, Stages in Ballistically Focused and Neutra-
lized Multiple Ion Beam Propagation.

electron ●mission ie continually supplied by radially
located filaments. Ion beam charge neutralization
occurs rapidly in the cell. In emerging beams, elec-
trons are either accelerated by the moving 8Pace Poter,-
tial of ions (auto-neutralizntion)$ or bv an applied
potential at the downstream gap of the cell, The stages
●ntering in the ballistically focused and neutralized
propagation of multiple ion beama are conceptually dis-
played in Fig. 2 ahowin~ the beam output optics section
of the accelerator aystarn, the adjacent neut~alizer cell,
the free propagation zone where distinct neutralized
beamlets undergo some axial pulse compression and t;~e
crittcal propagation zone starting at Z1 where combined
beamlrts undrrgo both axial at)d radial adiabatic compre-
ssions in the course of ballistically focusing on
targets. Conqidcred in the LIFE geometrv, the propag~-
tion range I is 10 m, Z1 = 8 m, R(Z1)/RF - 45, ?o/iF-20
wll~,ri, ,,, iinJ. \F are thi initinl and final beam pulse
lengths, RF, f w RT, RF i~ the focused beam radius,

RI - ? IWII is a target radius and f 1S the fracttoo71
area of thu hcam incident on targeta.

t’or intenac and well neutralized ion beama where

f)ehvc length ~o •~ R(z) or t(z), the neutralizing elec-
trons are trapped within the ion beam potential well,
same as n neutral gaa la confinad within ● closed volume,
and adiahaticallv are heated aa the volume ●hrinko by
rildi~l and axial beam pulse compression: in order for
tho henm to focus, the directed forc~a ●eeociated with
the bu~m’s radial ●nd axial balliatic focusing must be
large wnough to overcome the preaaurta ●xertad by the
heated ciectrona. An ●nvelope ●quri.ion describing the
●inultaneoua occurrence of both axial ●nd radial cora-
preasions 1s obtained by nacuming that axial comproaaion
fa occurring in the ●bmenco of ●xtarnal or intarnal
forcc$s ●t a conatarlt rato ●nd that bcth ●lectronm ●nd

ionM ace !,ti~ted ●diabatically. At tha oneot of beam
radial compreenion it ia found that in~quelitioa of
initial T=J ●nd Tel ●re quickly iaotropi~od ao that

b●l~ct rona ●re adia ●tically hoatad in three dimencionc
characterized by * specific heat ratio of >. - 5/3.
Bccauue the axial diracLod ●a:?g:; of fonrn ia very lar@
conpared to any tempctature Tim, the ●xial motioa of
ions is not aigrrificantly pcrturbod by the praamurt of
.Im-trona or th~ thermal ion ●xpanaion ●o that &ho riaa
in tranoverno ion temporatnr. Tij occure by ●diabatic
lw~tinq in two dimenaiona which la characterlaad by th
valu.$ of }i ● 2. The ●aaoclatod ●nvelope ●quation and
theo~ condition ●re ~ivon by Eq. (1), (2) mnd (3), whotw
Eh ia the kin~tic ●narsy of ione ●nd @ la the eixxiwm
convorgenca angle in tha balliatic focualng of baaxhta,
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Figure 6. Experimental Setur to Teat Ballisricallv
Foc.sed Propagation of Neutralized Light Ion
Beam#.

tm6 - JoIL. Equation 1 can he used vich Tio - 0 to
obtain tlm llmitingtolerabl.Teo ●s ● function of ra-
dial mod axial compreaaiona. the Propagation ranRe. the
.~ver~ence male and Eb, to= ● 8iven initial beam over-
●ll radius ●o. Theme calculation ●re shown in Fli!. 3
for the casa of LI?C beama, damrmtraring that ● Teo~ 3S
●V will be rsquired to ballistically focus 100% of the

beam onto 5 E radiua ttr~eta from ● range of 10 ta. Th@
correlated rmquiremamt in te~m of initial Tao ●nd Tio
ia ●lso obtalnad from Eq. 1 ●nd shown in Fiu. 3, co that
valua of TiO ‘* & ●V ●rs ●cceptable. A r~conc ●nalysis
appropriately meda for thim ICF ion propagation concer-
ning the Pierce type ●lectrostatic ir.mabilitys is ●l-o
●ppliad for the caae of LX?E beams ●nd found to have an
inei~ificact ●ffect, ●e ●houn in ~is. 4. U- note that
the J-D haating of ●lmctrona ●lao ●hancoe the validitv
of Cq. (1) for wI1 nautralixed baama; thi
in 3-D tha Ombya le~th ●calea ●a ~ -+. T*OC ::{:;?Y:”

7andthe required inequality of ●(t) A ~S lo ia Frte=r-
ved dowt to 9 ●pot sise hen. Fbrmover. Tis cannot
rim. by ●quilibratiom with T durin~ Ua propagscion
tine since w 20 ●e im need~ for chia.

In ●uto-neutralisation thermal ●loctrona ●re accw-
loratod to co-move with ions influenced by the pace
chars~ of co-located travermins ion beams. In 1-0 nu-

merical simulattona Ihmephried’ M ~ have obmowed that
initially the potential ●mperianced by ●lectronc omci-.
llatoobetuaen o = Oand b - 4 lte with perlodiciry of
i = 2~/~a whera ~ _ t~/Ffi)Eb, ●nd ●fter ● fow osci-

llations ●ettlen to o : Ea. moducins both currant ●nd

charge auto-neurralizacion. A measure of the resulting
Tee is numerically deduced tv be Te = 0.0L3 Ee. so
:!iar Teo - f20-60 eV for 3-10 FfeV He bears. By acti-
vely accelerating electrons in the menn~r sliovn in
Fig. 5 ● Teo - lC! eV is dedu~ed in a 2-G ●lectrostatic
simulation for 10 lfeV 1 A{cmz beams. The Teo from
auto-neutralization could be reduced b} ‘niciating the
motion of co-locaced ●lectrcms at I,lgher than thermal
sreeda, aay at Ee ‘- 300 eV directed ●nergy, by ●u!plo-
vin~ the method given in }igures 1 and 5. A scaled
●xperimental aecup is displayed in Fig. 6 which is
designed te address the critical issues in the ballis-
ticall%- focused propagatfan of neutralized light icr
beams. Thi~ field of research 16 ac far lacking sig-

nificant inrwc~ fro,a acpr~priate experiments which
would be relevant to both this light ion ●nd the meavv
ion lCF driers.

●Wark performed In part under the ●uspirss of U.S. DOE

contract DE-AC08-79DP~O109 and U-7~U5-ENC.36.
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